In rapid serial visual presentation tasks, correct identification of a target triggers a deficit for reporting a 2nd target appearing within 500 ms: an attentional blink (AB). A different phenomenon, termed repetition blindness (RB), refers to a deficit for the 2nd of 2 stimuli that are identical. What is the relationship between these 2 deficits? The present study obtained a double dissociation between AB and RB. AB and RB followed different time courses (Experiments 1 and 4A), increased target-distractor discriminability alleviated AB but not RB (Experiments 2 and 4A), and enhanced episodic distinctiveness of the two targets eliminated RB hut not AB (Experiments 3 and 4B). The implications of the double dissociation between AB and RB for theories of visual processing are discussed.
among distractors in RSVP. These items are presented one at a time at rapid rates (8 to 12 items per second) at the same spatial locus. Usually, only two targets are to be reported (e.g., two letters embedded within an RSVP stream of digits; Chun & Potter, 1995) . The temporal lag, or stimulus onset asynchrony (SOA), between the two targets is varied systematically and report performance is measured as a function of lag. 1 Performance on T1 is generally accurate and is little affected by T2 lag or T2 accuracy. However, the proportion of trials on which "1"2 is reported (given that T1 was reported) shows a strong lag dependency. Performance is lowest at Lags 2 and 3 (SOA = 200-300 ms) and improves with increasing lag, asymptoting at Lag 5 to 6 (SOA = 500-600 ms). An interesting aspect of the AB deficit is that performance for "1"2 is generally high when it appears immediately after T1. Thus, AB shows a U-shaped function of temporal lag. Throughout this article, this U-shaped function shall be referred to as the AB lag effect.
The AB deficit occurs in a variety of tasks, independent of how targets are differentiated from distractors, and the effect is robust across various types of stimuli. Broadbent and Broadbent (1987) initially reported AB for uppercase target words presented among lowercase distractor words in RSVP. AB has also been shown for reporting a subset of a stream of digits (Weichselgartner & Sperling, 1987) , and has been extensively studied using an X probe detection task (Raymond et al., 1992; Raymond, Shapiro, & Amell, 1995; Shapiro, Raymond, & Arnell, 1994) . The AB effect is I It should be no.ted that lag is defined differently in this article than in previous RB studies. Previously, lag was defmed as the number of items intervening between the two critical events. In this study, lag is defmed as the temporal separation between two events and corresponds to the relative serial position of the second target. Lag 0 would denote simultaneously occurring events, Lag 1 refers to temporally adjacent events (SOA = 100 or 105 ms depending on the presentation rate used), and at Lag 2 one intervetting item is presented between the two targets. Therefore, Lag 1 in previous RB studies corresponds to Lag 2 in this study, and so forth.
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739 not restricted to the RSVP paradigm; Duncan, Ward, and Shapiro (1994; Ward, Duncan, & Shapiro, 1996) have demonstrated that an AB effect can he obtained using only two masked targets that can appear at different spatial loci. In all of these studies, the qualitative shape of the deficit was generally the same: initially high performance at Lag 1, worst at Lags 2 and 3, and gradual improvement as a function of increasing lag.
Although a nurnher of factors appear to play a role in AB (see , for a review), of particular relevance to the present study is the effect of global targetdistractor discriminability. As the discriminability between targets and distractors is increased, the magnitude of the AB effect decreases. Chun and Potter (1995) examined this using a task in which observers were asked to report two categorically defined letter targets appearing among nonletter distractors. Although a robust AB effect was found in a search for letters among digits, little or no AB was found for letters presented among more discriminable keyboard symbols. This result is consistent with the standard effects of target-distractor similarity demonstrated in spatial visual search tasks (e.g., Duncan & Humphreys, 1989; Treisman & Gelade, 1980; Wolfe, 1994) , RB, the second RSVP deficit examined here, was initially reported by Kanwisher (1987) . Although AB occurs for uurepeated targets, RB refers to the additional difficulty that participants have in detecting or reporting repetitions of words, letters, or pictures presented in RSVP, even when the two instances are separated by other stimuli. For example, when presented with the RSVP sentence "It was work time so work had to get done," many observers would report "It was work time so had to get done," omitting the second occurrence of the word work in their immediate verbal recall. Anecdotal evidence for RB may he found when proofreading a manuscript: It is difficult to detect repetitions of words, as seems to be indicated by the the "repeated word" feature included in many computer word processor spell-checking programs. (Did the reader notice the repeated the in the previous sentence?) RB can also be obtained for repeated items in simultaneous spatial arrays (Kanwisher, 1991; Kanwisher, Driver, & Machado, 1995; Kanwisher, Kim, & Wickens, 1996; Luo & Caramazza, 1996; Mozer, 1989) . However, it has been investigated most extensively using sequential presentations of the kind used in the present study (e.g., Bavelier, 1994; Bavelier & Potter, 1992; Kanwisher, 1987; Kanwisher, 1991; Kanwisher & Potter, 1989; Kanwisher & Potter, 1990; Park & Kanwisher, 1994) . In all of these RB studies, performance on repeated items (denoted in the RB literature as critical items C1 and C2, corresponding to the T1 and T2 convention used here) is measured in comparison to baseline performance for unrepeated items. For the previous example, report of the second instance of the T2 word work would be compared with report of the same word appearing in a baseline sentence where T1 and T2 are different words--"It was day time so work had to get done." As in AB, the lag between the two repeated items is a critical factor in RB. The magnitude of RB typically decreases as a function of increasing lag (Kanwisher, 1987; Park & Kanwisher, 1994) . When the lag between the two critical items is sufficiently large (say 4 or 5 items), performance on repeated targets approaches that for the unrepeated target baseline.
AB and RB Compared
Both AB and RB occur in a variety of RSVP tasks, and the two deficits share enough similarities to merit a direct comparison. First, both deficits seem to reflect capacity limitations in attentional processing of the relevant items. RB only occurs when T1 is attended (Kanwisher, I991) , and the same is true for AB (Raymond et al., 1992) . The role of attention in these tasks was investigated in comparison with equivalent control stimulus sequences, thus ruling out lowlevel factors such as masking. Second, both AB and RB reflect temporal lag-dependent effects of a correctly processed T1 on T2. The amount of interference with a second target (or second identical item, in RB) changes systematically as a function of the temporal separation (lag) between the two targets. Finally, both effects occur for items presented at high rates (8 to 12 items per see).
Despite these similarities, there are important differences in the processes thought to trigger each deficit. The AB deficit represents a capacity limitation for processing a second target appearing close in time. It is hypothesized that performance is initially good for a target appearing at Lag 1 because T1 and the immediately following item are processed together in a single attentional "window" (Chun & Potter, 1995; Raymond et al., 1992) . The AB deficit for T2 appearing at later lags was explained by Churl and Potter in terms of a bottleneck model. They suggested that internal processing time for a target may exceed its actual presentation duration in RSVP search tasks, tying up a limited capacity process. If T2 appears before this process is complete, it is likely to he missed. Duncan et al. (1994) proposed a similar idea that AB reflects "attentional dwell time" during which identification processing of T1 occupies limited attentional capacity. An alternative hypothesis for AB proposes that AB arises due to competition within visual short-term memory (VSTM). As the number of items and the similarity between these items in VSTM increases, the probability of successful target retrieval decreases (Raymond et al., 1995; .
In contrast, RB has been interpreted as a failure in token individuation for the second occurrence of the repeated item (Bavelier, 1994; Bavelier & Potter, 1992; Hochhaus & Marohn, 1991; Kanwisher, 1987; Kanwisher, 1991; Kanwisher & Potter, 1989; Kanwisher & Potter, 1990; Kanwisher et al., 1995; Mozer, 1989; Park & Kanwisher, 1994) . According to this token individuation hypothesis, it is assumed that the second occurrence of a repeated item is recognized as a visual type (activating its corresponding long-term representation), but that it is not individuated as a distinct event--instead, it becomes assimilated into the episodic token of T1. This process is specific to repeated items and seems to be relatively insensitive to the overall level of difficulty of target identification (Park & Kanwisher, 1994) .
CHUN
The token individuation hypothesis posits a distinction between types and tokens. In short, representations termed as object tokens provide an episodic anchor mediating conscious processing of items, and multiple tokens are needed to represent multiple instances of a given visual type. RB represents a temporary failure to individuate a separate token for a repeated visual type, and as a result, the repeated visual event becomes unavailable for report.
Despite the numerous empirical similarities between AB and RB, the two effects have so far been studied separately and this may have led to the differing theoretical interpretations. On the other hand, the two deficits may truly reflect independent processing limitations at distinct stages of visual processing. Yet a direct comparison of AB and RB is not available in the literature to assess the relationship between the two deficits. Thus, the main question of this study is whether the two deficits reflect some general capacity limitation for processing rapidly presented visual objects or whether AB and RB axe caused by functionally dissociable processes of visual perception. If AB and RB each reflect a temporary ,breakdown or overload within a particular stage in visual processing, understanding the conditions that produce each deficit may be useful in inferring the processes involved. In particular, should independent experimental manipulations differentially affect AB and RB, then these results would be helpful in constraining theoretical models for the two effects.
Isolating the mechanisms involved in AB and RB may also have implications for more general models of visual processing. The goal of vision has been described as "the process of discovering from images what is present in the world, and where it is" (Marr, 1982, p. 3) . The x;isual system needs to determine "what" objects are in a visual scene (type recognition), and also "where and when" these objects occur (a process referred to as token individuation). Much of the research in visual processing has been concerned with type recognition, the matching of a sampled image or image region to some previously stored representation that classifies the present object or scene as a chair or a restaurant, for example. However, it has been proposed that a functionally independent process, token individuation, is required to note how objects are occurring episodically in the environment over space and time (Kalmeman & Treisman, 1984; Kahneman, Treisman, & Gibbs, 1992; Kanwisher, 1987) . As Kanwisher (1991, p. 404) has pointed out, "After all, when we look at the world we perceive not an unstructured soup of visual categories, but rather a spatiotemporally organized array in which those categories are associated with particular objects and events."
According to these proposals, the activation of the longterm representation of a type is devoid of any episodic information about the stimulus that specifies its relation to other items in space and time. Conscious perception of events may be mediated not by the activation of type nodes, but by temporary "episodic" representations that link activated type information with spatiotemporal tokens (Kahneman & Treisman, 1984) . These episodic representations linking type information with spatiotemporal information have been termed object files (Kahneman & Treisman, 1984; Kahneman et al., 1992) , or tokens (Kanwisher, 1987) , or object tokens (Kanwisher & Driver, 1.992) .
The underlying theme of the present study is to understand both AB and RB as resulting from capacity limitations for constructing these episodic representations. AB may reflect a general limitation in the binding of correctly identiffed types to object tokens, whereas RB reflects a separate limitation for individuating two separate tokens for repeated types. Although both deficits reflect difficulties with tokenization (or object file instantiation), my claim is that they are triggered by different properties of the system. AB reflects the general difficulty of this tokenization process for visual objects presented in RSVP. As noted earlier, AB is highly dependent on target-distractor discriminability (Chun & Potter, 1995) . RB is due to a separate difficulty in interpreting two identical visual types that appear close together in time as two separate events (the token individuation hypothesis; Kanwisher, 1987) . RB is little affected by the overall level of performance in a task but should be dependent on the episodic distinctiveness between the critical target events. In both AB and RB, the failure to instantiate an object token for a perceptual event will result in that item being unavailable for subsequent report.
If the problem of general target identification and the problem of individuating identical items involve capacity limitations in different stages of visual processing then one may be able to dissociate the two by showing selective breakdowns in each process. The goal of the experiments reported in this article was to show that AB and RB are modulated by different aspects of the visual stimuli. Double dissociation logic was used to support this by demonstrating conditions under which RB occurs without AB, and others where AB occurs without RB.
Experiment 1
Experiment 1 directly compared AB and RB within a single task to explore whether the two deficits are modulated by different visual processes. The task was simply to report two letters appearing among digit distractors, and the two letters were either different or identical in identity. As noted, a robust AB effect is typically produced in this task for unrepeated targets: Performance on T2 (given that T1 was correctly reported) shows a strong dependency on SOA (AB lag effect). Performance on repeated targets is expected to be lower than that for unrepeated targets, the difference indicating RB. The temporal lag between the two targets (T1 and T2) was systematically varied from Lags 1 to 6 (SOA = 100-600 ms) to examine whether AB and RB follow different time courses. 2 If AB occurs on lags where 2 Because an unrepeated target baseline is always available in RB studies, it should be feasible to examine AB from this data as a function of lag. However, this information is not assailable for three reasons. One is that in RB studies, other targets typically intervene between the two critical target items of interest. An important difference between the standard AB and RB paradigms is that in most RB studies, participants report all of the stimuli presented on a trial--there is no distinction made between targets ATFENTIONAL BLINK AND REPETITION BLINDNESS 741 RB does not occur or vice versa, the result would imply that AB and RB are separate processes in spite of the apparent similarities mentioned earlier.
Me~od
Participants. Eight observers participated in Experiment 1.
The data from 1 participant were replaced because the error rate exceeded a preset criterion (over 10% of trials in which neither target was reported). In this and all subsequent experiments, the participants were recruited from the Massachusetts Institute of Technology (MIT) paid volunteer pool. All observers reported normal or corrected-to-normal visual acuity and normal color vision. Participants were naive to the purpose of the experiment and they were paid for their time.
Materials and design. The stimuli were eight single digits (0 and 1 were omitted to avoid confusion) and 42 letters (uppercase and lowercase versions of 21 letters excluding/, L, O, U, and V). Each experimental trial consisted of nine items: seven digits and 2 letters. In addition, there were 20 filler trials consisting of eight digit distractors and 1 letter target. The digit distraetors on a given trial were randomly generated by the computer under the constraint that the same digit could not appear in any of the next four positions.
Three target variables were crossed in a factorial design: target repetition, target lettercase, and temporal lag (hereafter referred to as repetition, lettercase, and lag) between the two targets. For repetition, there were two levels: On half of the trials, T1 and T2 were randomly sampled nonidentical letters (unrepeated target condition); on the other half, T2 was the same letter as T1 (repeatexi target condition). The two letter targets (T1 and T2) always differed in letterease, whether different or repeated in letter identity. Within each target condition (unrepeated vs. repeated), T1 appeared in uppercase and T2 in lowercase on half of the trials, and vice versa. For lag, six lags between T1 and T2, Lag 1 (no intervening items, SOA = 100 ms) to Lag 6 (SOA = 600 ms), were counterbalanced over repetition and lettercase. The position of T1 was fixed at Serial Position 2.
There were 10 trials in each of 24 conditions, for a total of 240 experimental trials. These were interspersed with 20 filler trials in which only one letter target was presented. The order of this total of 260 trials was randomized independently for each observer.
Procedure. The experiment was self-paced. The observer began each trial by pressing the space bar on the computer keyboard. A plus sign lasting 300 ms appeared at the center of the monitor screen for fLxation. One hundred milliseconds after the fixation cross went off, the stream of stimuli appeared successively without interstimulus blanks at the same location for 100 ms each (presentation rate: 10 items/sec). The sequence was followed by an ampersand (&) mask for 100 ms, signaling the end of the trial. and distractors (whole report procedure). In typical AB studies, only nonreported distractors intervene between the two critical targets; in RB studies, intervening items are usually included in report. The second reason it is difficult to obtain AB data from RB studies is that RB has typically been studied using stimuli that do not produce AB. For example, observers are remarkably adept at reporting whole sentences presented in RSVP (Forster, 1970; Potter, 1984; Potter, Kroll, Yachzel, Carpenter, & Sherman, 1986) . Finally, in those RB experiments that do employ stimuli that produce AB (such as a stream of randomized letters), only one or two lags critical for RB were tested so that the full range of lags is unavailable for examining the AB lag effect within these studies.
Observers were instructed to try to detect the one or two letter targets that had appeared and write them down on a separate answer sheet. They were required to write down their responses in the order and lettercase in which the targets had appeared, circling the letter that had appeared in uppercase. In particular, they were explicitly told that many trials would have repeated targets (e.g., A and a), and that they should write the same letter twice on these trials. The experiment was preceded by a practice block of 20 trials. The experiment was carded out in normal room illumination held constant for all participants.
Apparatus. The letter and digit stimuli were generated by an IBM-AT computer on a CRT screen with rapid fade phosphor. The stimuli measured about 0.3 cm in width and 0.4 cm in height. The display was viewed from approximately 30 cm, thus each stimulus subtended about 0.57 X 0.76 degrees of visual angle. All items were presented in white on a black background. A sample of the stimulus sets is available in Figttre 1 of Chun and Potter (1995) .
Results and Discussion
Scoring. Responses were counted as correct in the main analyses regardless of their order of report and regardless of the lettercase specified in report. A stricter analysis that counted as correct only those targets reported in the correct lettercase and order produced an identical pattern of results. Figure 1A shows, for each lag, the proportion of trials on which both T1 and T2 were correctly reported. An ANOVA revealed a main effect of lag, F(5, 35) = 7.63, p < .001, MSE = 519.82. The difference between unrepeated and repeated targets, compiled across all lags, was not significant, F(1, 7) = 1.27, p = .30, but the interaction between repetition and lag was significant, F(5, 35) = 2.65, p < .05, MSE = 292.38. As Figure 1A shows, RB was greatest at Lag 1, paired t(7) = 2.62, p < .05 (one-tailed); present at Lag 2, paired t(7) = 1.92, p < .05 (one-tailed); but absent at all longer lags, indicating that unrepeated and repeated targets were differentially affected by lag.
The probability of reporting both targets was higher fox uppercase Tl-lowercase T2 target combinations (M = 50.7%) than for lowercase Tl-uppercase T2 trials (M = 43.6%), F(1, 7) = 15.81, p < .01, MSE = 152.38. Lettercase did not interact with any other variables (Fs < 1.09). For the single target filler trials, a total of 6% of the letters were missed or misidentified, and participants intruded a second target response (false alarm)on 19% of these trials.
For unrepeated target trials on which T1 and T2 were both reported, the order of report was reversed on 4% of the trials, and case was misreported on 3% of the trials. Most o] these inversion errors occurred at Lag 1 and decreased wi~ increasing lag, F(5, 35) = 9.00, p < .001, MSE = 696.64.
This occurrence of order inversion errors at short targel separations has been reported previously for AB task., (Chun & Potter, 1995) . There was no effect of lag on case reversals and no effect of lettercase on inversion errors or ov case reversals. For repeated target trials, inversion error,, could not be distinguished from case reversals. The proportion of trials on which either one of these two types of error,, had occurred was 9%. There was a main effect of lag, F( 5 35 of errors made at Lag 1, decreasing as a function of increasing lag. Both AB and RB were obtained in Experiment 1. Performance for unrepeated targets showed a standard AB lag effect: The performance on reporting both T1 and T2 was lowest at Lags 2 and 3, gradually recovering as a function of increasing lag. As shown in previous AB studies, performance for targets appearing temporally adjacent to each other (Lag 1) was relatively high. Performance for reporting two repeated targets was lower than that for unrepeated targets at Lags 1 and 2. As in earlier RB experiments, the magnitude of the repeated target deficit decreased with increasing lag (Kanwisher, 1987; Park & Kanwisher, 1994) . However, repeated items have not been previously tested at Lag 1. RB typically extended to Lags 4 or 5 in previous studies (Kanwisher, 1987; Park & Kanwisher, 1994) . RB disappeared by Lag 3 in the current experiment, presumably because the target letters always differed in lettercase, and participants were required to attend to lettercase (although the analysis was not contingent on having reported the correct lettercase). Bavelier (1994) has shown that RB is reduced when participants must encode a feature that differentiates the nominally identical items. Nevertheless, the results replicate previous findings that RB can occur at a processing level abstracted beyond the actual physical orthography (Bavelier & Potter, 1992; Kanwisher & Potter, 1990; Marohn & Hochhaus, 1988) .
Of main interest here are the apparent differences in the time course of AB and RB, as shown in Figure I and also indicated in the significant interaction between repetition and lag. Two unrepeated targets are most difficult to report when separated by one or two intervening items (SOA = 200-300 ms), and performance gradually improves but does not seem to asymptote until Lag 5. In contrast, RB is maximal for temporally adjacent items, but seems to recover within 300 ms. Therefore, whereas the AB effect shows a O-shaped function of lag, RB (as measured by the difference between unrepeated and repeated target performance) follows a monotonic trend. Note that the maximal RB effect at Lag 1 cannot be solely due to temporal summation of the two target stimuli, which would affect nominally different letters as well as the same letter appearing in different lettercases (Marohn & Hochhaus, 1988) . Is it possible that the repetition deficit obtained here reflects an apparent motion artifact? 3 According to this morphing view, observers fail to detect repeated types because apparent motion mechanisms would cause letter pairs with similar forms in upper and lower case to fuse together into a single object. Chun and Cavanagh (1997) have suggested that visual mechanisms linking two views into a single object in apparent motion are intimately related with the token individuation failure thought to trigger RB. In both cases, two events are perceived as one, and this may 3 1 thank Jane Raymond for raising this issue here.
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reflect how the visual system integrates information from discrete events intermittent over space, time, or both. However, it is important to establish that the RB effects at Lag 1 in the present study are not simply due to low-level integration of the two temporally adjacent events. A size or featural difference between upper and lower case was present for all stimuli pairs used in this experiment, and participants were instructed to attend to these case differences. To examine whether RB was restricted to a small subset of the various stimulus pairs used, an item analysis was conducted to examine the letters that produced at least 20% RB as measured by the difference between the average of unrepeated and repeated performance (Ab vs. Aa) for each T1 letter (collapsed across case). This analysis revealed greater than 20% RB at Lag 1 for a wide range of letter pairs: Bb, Cc, Dd, Ff, Jj, Kk, Pp, Ss, Ww, Xx, and Yy. By demonstrating RB in a dual-target AB paradigm and additionally showing RB for Lag 1, the results complement and extend what has been shown in previous RB studies, in which participants have typically reported all the stimuli, or have been given lists of at least three relevant items intermixed with highly discriminable distractors. The presence of RB in this "partial report" procedure not only allows for a direct comparison with AB, but it is also consistent with more recent reports that showed that RB is not affected by memory load manipulations (Park & Kanwisher, 1994) and that RB is robust in tasks in which memory and response requirements were quite minimal (Hochhaus & Johnston, 1996; Kanwisher et al.:, 1996) . Further consideration of the role of memory in RB is deferred to the General Discussion.
The obtained difference in time course suggests that the two deficits may be caused by different processes. Such a dissociation in time courses would be inconsistent with a model describing both deficits in terms of a single general attentional limitation for processing targets in RSVP. However, the results do not uniquely support a token individuation account for RB, and they do not provide unequivocal evidence for a functional dissociation between AB and RB. The following three experiments examine whether the two deficits are dissociable from each other in other conditions.
Experiment 2
The previous experiment directly compared the AB and RB as a function of lag. The significant differences in time course already suggest that the two deficits may be caused by different processes. If so, then one should be able to demonstrate the occurrence of one deficit without the other. Chun and Potter (1995) have previously shown that the AB lag effect is essentially eliminated when the letter targets are presented among highly discriminable distractors such as keyboard symbols. Target-distractor discriminability is a strong factor in search tasks (Duncan & Humphreys, 1989) , and thus it is not surprising that target report is facilitated when both targets are presented among highly discriminable distractors. However, if the deficit for repeated targets is caused by an independent process, RB might still be present under these conditions. Experiment 2 explores the effect of target-distractor discriminability, comparing performance for urtrepeated and repeated targets over Temporal Lags 1-6 (SOA = 100-600 ms).
Method
The same stimulus files used in Experiment 1 were used, except that the digit distractors were replaced with eight different keyboard symbol distractors (<, >, =, #, %, ?,/, *). The rest of the procedure and design were identical to those of Experiment 1. Eight new participants were tested in Experiment 2.
Results and Discussion
As in Experiment 1, trials were scored as correct regardless of their order of report and regardless of the lettercase specified in report. A stricter analysis that counted as correct only those targets reported in the correct lettercase and order produced an identical pattern of results. Figure 1B shows, for each lag, the proportion of trials on which both T1 and T2 were correctly reported. The difference between unrepeated and repeated targets was significant, F(1, 7) = 25.90, p < .001, MSE = 42.56, and there was a main effect of lag, F(5, 35) = 4.74,p < .O1,MSE = 158.75. As in the previous experiment with digit distractors, the interaction between repetition and lag was significant, F(5, 35) = 4.50, p < .01, MSE = 78.27. Separate paired t-test analyses show that the RB effect was significant for Lag 1, t(7) = 3.26, p < .01 (one-tailed), and Lag 2, t(7) = 3.27, p < .01 (one-tailed). Unlike in Experiment 1, there was no main effect of lettercase (F < 1). A separate ANOVA for unrepeated target trials alone indicated no main effect of lag (F < 1) conf'Lrrning the absence of an AB effect in the current experiment. An item analysis (as described in Experiment 1) revealed greater than 20% RB at Lag 1 for the following letter pairs: Aa, Cc, Ee, Gg, Hh, Jj, Kk, Ss, and Yy. For unrepeated target trials on which T1 and T2 were both reported, inversion errors occurred on 2% of the trials, and case was misreported on less than 1% of the trials. Most of these inversion errors occurred at Lag 1 and decreased with increasing lag, F(5, 35) = 6,80, p < .001, MSE = 315.48, replicating the results of Experiment 1. There was no effect of lag on case reversals and no effect of lettercase on inversion errors nor on case reversals. For repeated target trials, the proportion of trials on which either one of these two types of errors had occurred was 2%. There was a main effect of lag, F(5, 35) = 4.08, p < .01, MSE = 80.92, with the majority of errors made at Lag 1, decreasing as a function of increasing lag.
As predicted, increasing target-distractor discriminability eliminated the AB effect. However, the RB effect remained, as shown by the similar magnitude and time course of RB in Experiments 1 and 2. A separate analysis comparing the RB effect (difference between unrepeated and repeated target performance at each lag) obtained in Experiments 1 and 2 revealed no main effect of distractor type (F < 1), as is evident in a comparison of Figures 1A and lB.
In sum, Experiment 2 demonstrated RB under conditions where AB does not occur. Although target-distractor dis-744 CHUN criminability allowed for unrepeated second targets to be detected equally well at all temporal lags, the deficit for repeated targets persisted. The obtained dissociation between RB and AB provides further evidence for the idea that the two deficits are independent.
Experiment 3
A stronger case could be made if the converse dissociation were obtained. In Experiment 3, I investigated whether AB can occur without additional RB. According to the token individuation hypothesis, RB represents an additional difficulty in constructing a separate token for a repeated type. In other words, the conscious percept of T2 becomes assimilated into that of T1. This experiment examines the possibility that making the episodic distinction between T1 and T2 more salient will facilitate token individuation for T2, thus reducing or eliminating RB.
In Experiment 3, T1 and T2 appeared in different colors (red and green) among black letter distractors. Participants were simply required to report the two colored letters. These color cues were perceptually distinct from each other and from the distractor items, allowing the observer to easily determine that two target events had occurred. However, the color cue itself provides no information about the identity of each of the two targets to be reported. Thus, although token individuation is facilitated by the occurrence of two perceptually distinct visual events (colored letters), the color cue would not enhance letter identification of the targets to be reported. In sum, it was predicted that the independent target cues would eliminate RB, while an AB effect would persist.
Me~od
Participants. Eighteen observers from the MIT paid volunteer pool participated in Experiment 3. Because the null hypothesis was being explored here (that there would be little or no RB), a larger number of observers was tested in this experiment.
Materials and design.
The stimuli were uppercase and lowercase versions of 21 letters excluding L L, O, U, and V, as in the previous two experiments. Each experimental trial consisted of 14 letters, each of which could appear in either uppercase or lowercase with equal probability. As in the previous two experiments, three variables were tested in a factorial design: target repetition, target lettercase, and temporal lag. Two of the letters were designated as targets. T1 and T2 were unrepeated (different types) on half of the trials and repeated on the other half. The two letter targets always differed in lettercase. There were seven levels of lag (Lag 1 to Lag 7) between T1 and T2, The position ofT1 was varied randomly over Serial Positions 3, 4, and 5. The color of each of the two targets was always different from each other (red-green or green-red) and was set randomly in each trial. All other nontarget items were presented in black.
Ten trials per experimental condition were tested, for a total of 280 trials. No filler trials were included. The order of the experimental trials was randomized for each participant.
Procedure. Each trial began with a plus sign appearing for 450 ms at the center of the monitor screen for fixation. The fixation cross disappeared, and after a delay of 105 ms the stream of stimuli items appeared successively without interstimulus blanks at the same location for 105 ms each. The sequence was followed by a & mask presented for 105 ms, signaling the end of the trial. At this point, participants typed their responses into the keyboard, pressing the space bar for any targets that they had missed. Unlike in the previous experiments, participants were not required to enter their responses in the lettercase that they had seen the target appear. As before, they were explicitly informed that many trials would have repeated targets, and that they should make two keypmsses for a repeated letter. Each keypress appeared briefly on the screen, but trial feedback was otherwise not given. After the participant made two keypresses, the computer initiated the next trial after a pause of about 2 s. Breaks were given every 25 trials. The entire procedure lasted about I hour. The experiment was preceded with a practice block of 20 trials. The experiment was carried out in normal room illumination held constant for all participants.
Apparatus. Experiment 3 was run on a Macintosh II computer with an AppleColor High Resolution RGB monitor. The software used for running the experiments was MacProbe version 1.5.0 developed by Aristometdc Computers (Hum, 1994) . The letter stimuli were presented in 14-point bold Monaco font. Viewed from an average distance of 30 era, the letter stimuli subtended 0.57 × 0.76 degrees of visual angle. The background was a uniform gray field.
Scoring. Observers made a small number of repetition intrusions in the current experiment. A repetition intrusion trial occurred when a repeated target response was made on an unrepeated target trial (e.g., reporting M, M for targets M, C). Such guessing strategies would reduce RB since these repetition guesses would be correct for repeated target trials. Although the proportion of this type of response was small (2% of all unrepeated target trials, 5% of all guessing errors), any such biases would favor the null hypothesis. To counter this, a conservative guessing correction was applied.
Guessing corrections for each participant were made separately for each lag and each lettercase combination as follows. For unrepeated target trials on which one of the two targets was misreported and the other was correct, the proportion of these responses that were repetitions (e.g., M, M reported when M, C had been presented) is an estimate of the propensity to guess repetitions. For repeated target trials, the number of intrusions of an unrepeated letter (e.g., M, C when M, M had been presented) was multiplied by the number of unmpeated trial repetition guesses divided by the number of unrepeated trial nourepetition guesses, to obtain an estimate of repetition guesses in the repeated condition. This number was subtracted from the "correct" repetition reports in that condition, to obtain the guessing-corrected score. Enhancing the episodic distinctiveness of the two targets can alleviate repetition blindness (RB) while the attentional blink (AB) persists. The group mean percentage of trials on which both targets were correctly reported is plotted as a function of lag. The two targets were red or green letters appearing among black distractor letters. Solid circles indicate performance for unrepeated targets, and large, hollow triangles represent the data for repeated targets that were corrected for guessing biases. The uncorrected, raw performance data for repeated targets is plotted in the dotted line with small, hollow triangle plot symbols. Performance for unrepeated targets is dependent on lag, showing the AB lag effect. Performance on repeated targets was actually slightly higher than on unrepeated targets, demonstrating a lack of RB, and indeed a hint of repetition priming, in Experiment 3.
Results and Discussion
and RB, which is the reverse direction of that obtained in Experiment 2. Adding episodic information that distinguishes the two target events eliminated RB even under conditions where AB occurs. Because the episodic cue (color) used here provided no information about the actual identity of the target, a strong AB effect was obtained. Extracting the type information (the form of the colored letter) remained difficult because the distractors were also letters, whereas spatiotemporal token informationpthe fact that two targets had been presented--was enhanced by the independent color cues. Ward, Duncan, and Shapiro (in press ) also presented results that indicated that when only two targets, each followed by a mask, were presented, RB was eliminated. Each trial consisted of only two discrete events (as opposed to a continuous stream of stimuli in RSVP tasks), and presumably the salient episodic distinctiveness of the two items also allowed for token individuation in their task. However, simply introducing an episodic division between the two target events does not always reduce RB (Park & Kanwisher, 1994, Experiment 3) . In their experiment, RB was found even when a perceptible blank interval was introduced between T1 and T2. A possible explanation for why this manipulation did not reduce RB is that, unlike the color cues that define the targets in the present task, blank intervals within the RSVP stream in their task were irrelevant in episodically defining the critical target events per se. In Park and Kanwisher's experiment, the target events were each embedded within separate streams of other items, whereas in Ward et al. (in press) and in the current experiment, the critical target events were designed to pop out as episodic entities within a trial.
Consistent with this line of reasoning, lettercase differences between the targets in Experiments 1 and 2 (or in the present experiment) would not be sufficient to eliminate RB, for two reasons. First, the target letters in these categorical tasks appeared among an ever-changing stream of different items (digits or symbols) and thus any differences in lettercase (form) could not serve as a unique episodic target cue in such heterogeneous display sequences. In other words, lettercase as a feature would not pop out as a unique target-defining color would. Second, although the color cues critically defined the targets to be reported in the present experiment (and also in a replication following in Experiment 4B), lettercase was not a target-defining feature in the categorical target tasks used in Experiments 1 and 2. In these categorical target tasks, lettercase would not have been used as a target selection feature reducing the likelihood that it would have been utilized as'an episodic cue to distinguish targets from the distractors and from each other. Yet, as discussed earlier, lettercase differences do reduce RB, so the present results are replicated in a following experiment (Experiment 4B) using only uppercase letter targets.
Although the absence of RB in the current experiment is consistent with the token individuation hypothesis for RB, the results are at odds with a similar experiment reported earlier by Kanwisher (Kanwisher, 1991, Experiment 6) . In her experiment, observers were asked to report three colored letters appearing among white letter distractors. In some trials, two of the colored targets were repeated letters; on other trials, T2 was a repetition of a previous (uncolored) distractor. RB was found when the colored targets were repeated, but not if repetition occurred between a target and a distractor. These results confirmed that targets needed to be attended to in order to produce RB, but the presence of RB for colored targets is inconsistent with the results of the present experiment. A number of differences between the two experiments might account for the difference in results. Many of these factors were explored in a series of unpublished experiments (Chun & Potter, 1993) . Neither the use of white rather than black distractors, nor an increase from two to three targets changed the present no-RB result. The critical factor turned out to be the amount of exposure to the task. In Kanwisher's experiment, 30 participants each saw 36 lists after 4 practice trials, whereas in the current experiment, 18 participants each saw 280 trials after 20 practice trials. In a post hoc analysis of the present experiment, RB was indeed found in the first block of trials, but diminished and reversed with further practice.
During an hour long session, participants apparently learned to use the color cue to distinguish the two events episodically. This practice effect is still compatible with the CHUN present hypothesis, More important, no such practice effect was found in Experiments 1 and 2, indicating that RB does not routinely diminish with practice. Nevertheless, there were various procedural differences between Experiments 1, 2 and 3, and trials were not systematically blocked (all trials were fully shuffled, randomly intermixed). Experiment 4 reexamined this practice effect on token individuation more systematically.
Experiment 4
The main purpose of Experiment 4 was to further replicate and generalize the findings obtained in the previous three experiments. Two groups of observers were tested to confnxn the post hoe analysis of block effects described in the previous experiment. Experiment 4A replicated Experiments 1 and 2, within observers. In one half of the experiment, observers had digit distractors, and in the other half they had symbol distraetors. Colored targets were presented in Experiment 4B, replicating Experiment 3; on half of the trials, the distractors were letters, and in the other, digits. In both Experiments 4A and 4B, the proportion of unrepeated and repeated targets was fixed within each block, and the procedure, apparatus, and design of the experiments were identical for the types of distractors and the presence or absence of color cues. Only uppercase targets were used in Experiment 4; hence, Lag 1 was not tested for repeated targets.
only uppercase letters were used. All letters except for I, O, W, and Q were selected as targets.
Procedure. Each trial began with a" sign appearing for 300 ms at the center of the monitor screen for fixation. After a blank interval of 300 ms, the stream of stimuli appeared successively without interstimulus blanks at the same location for 105 ms each. The sequence was followed by a & mask for 105 ms, signaling the end of the trial. Participants then reported the targets by typing them into the keyboard, as in Experiment 3, pressing the space bar for any targets missed. Breaks were given every 36 trials at the end of each block. At the beginning of each distractor condition of five blocks, participants were instructed on which distractor set would appear. A single practice block of 5 trials (with digit distractors) preceded the entire experiment to familiarize participants with the procedure. In all other respects, the procedure was identical to that of Experiment 3.
Apparatus. The experimental setup was identical to that used in Experiment 3.
Scoring. Guessing estimates were computed separately for each Target Repetition × Distractor Type × Target Lag × Block combination and corrections were applied to the data as in Experiment 3. The figure and statistical analyses were based on data that were corrected for possible guessing biases. The proportion of guessed responses for unrepeated target trials on which repetition intrusion errors were made was low (2%) and the statistical results for the corrected data were essentially equivalent to those for the uncorrected raw data. The results reported here are based on the corrected data to maintain comparability with the results for Experiment 4B.
Results and Discussion
Experiment 4A
Method
Participants. Sixteen observers from the MIT paid volunteer pool participated in the current experiment.
Materials and design. There were four within-subject variables: distractor type, block, repetition, and lag. For distractor type, there were two conditions: digits and keyboard symbols. The digit distractor set included all digits excluding 0 and 1. The symbol distractor set included items <, >, A,/, +, ?, =, and ~. The order of distractor condition was counterbalanced. Thus, Experiment 4A was a combination of Experiments 1 and 2 tested within observers across halves. Within each distractor condition, there were five consecutive blocks of trials, resulting in a total of 10 blocks per session (see below for how blocks were constructed). As in the previous experiments, targets were either unrepeated or repeated. Finally, lag between T1 and T2 varied between 2 and 6 lags.
Each block was comprised of trials as follows. Within each level of five lags, there were repeated and unrepeated conditions. For each of these conditions, there were 3 trials, each corresponding to one of the serial positions of T1 that was varied between 3 and 5. With these combinations there were 5 × 2 × 3 = 30 trials. In addition there were 3 trials of unrepeated targets at Lag 1. Only urtrepeated targets were tested at Lag 1 because a repetition of an identical uppercase letter at Lag I would be equivalent to one letter presented for double the time. Finally, there were 3 trials where only one target was presented. In total, there were 36 trials within each of 10 blocks, resulting in a total of 360 trials per session.
Each experimental trial consisted of 12 items. All stimuli ineluding targets and distractors were colored white. For targets, Figure 3A shows the mean results compiled across all blocks for each condition as a function of lag. An ANOVA was conducted with repetition, distractor type, and lag (only for Lags 2-6) as within-observor variables. There were main effects of repetition, F(1, 15) = 36.06, p < .001, MSE = 1,553.58; distractor type, F(1, 15) = 40.71, p < .001, MSE = 3,515.86; and lag, F(4, 60) = 19.12,p < .001, MSE = 1,496.47, as well as a significant two-way interaction between repetition and lag, F(4, 60) = 13.22, p < .001, MSE = 572.41. The results replicate those from Experiments 1 and 2.
To further confirm this, RB was examined separately for each distractor type. There was a significant RB effect for repeated targets appearing among either discriminable (symbol), F(1, 15) = 16.18, p < .01, MSE = 1,635.22, or less discriminable (digit) distractors, F(1, 15) = 32.23, p < .001, MSE = 918.65. Likewise, there was an RB lag effect in both con&dons, as indicated by significant interactions between repetition and lag for both the symbol condition, F(4, 60) = 13.07, p < .001, MSE = 528.03, and digit distractor condition, F(4, 60) = 3.04, p < .05, MSE = 572.27.
The unrepeated target trials were analyzed separately, including Lag 1. The main effect of lag for unrepeated targets was not significant in the symbol distractor condi- 
Repeated (DIgb)
Repeated (Symbols) .... O" .... is shown to occur both with AB (digit distractor condition) and without AB (symbol distractor condition).
Repeated (Digits)
To examine the effects of practice (block) on target report for unrepeated and repeated targets, averaged performance across Lags 2-6 was plotted asa function of block. This is shown in Figure 4A . There was a main effect of block, F(4, 60) = 6.95, p < .001, MXE = 768.70, suggesting that performance improved with practice. The interaction between block and repetition was marginally significant, F(4, 60) = 2.45, p = .06, MSE = 451.19, but inspection of Figure 4A reveals no systematic pattern. In particular, the RB effect was still strongly present in the last block, F(1, 15) = 13.49, p < .01, MSE = 618.23, as is apparent in Figure 4A .
Experiment 4B Method
Sixteen observers from the MIT paid volunteer pool were tested in Experiment 4B. Except where noted, the design and procedure of Experiment 4B was identical to that of Experiment 4A. In Experiment 413, the participant's task was to report the colored letter targets (one or two) appearing among digit distractors (one half) or letter distractors (the other half). The color of each of the two targets was always different from each other (red-green or green-red) and was set randomly in each trial. The target colors were fully saturated red or green to support a subjective impression of pop-out among the black distractors. As before, the order of halves was counterbalanced across subjects. The data plotted here were from only the first five blocks within a session (RB was predicted to occur only within the first few blocks within a session). Solid plot symbols represent performance for unrepeated letter targets, hollow plot symbols for repeated targets. The digit distractor condition is'indicated in the graph by circle plot symbols, the letter distractor condition by triangle plot symbols. RB was present in the first two blocks, but diminished by the fourth and fifth blocks.
Results and Discussion
The figure and statistical analyses were based on data that were corrected for possible guessing biases that might have reduced RB (see Experiment 3). The results of Experiment 4B are shown in Figure 3B . The main effect of repetition was not significant (F < 1), replicating the results of Experiment 3. Repetition did not interact with lag either (F < 1), further supporting the conclusion that RB was absent in this experiment. There were main effects of distractor type, F(1, 15) = 80.20, p < .001, MSE = 7,234.8, and lag, F(4, 60) = 35.12, p < .001, MSE = 926.00. Distraetor type interacted with repetition, F(1, 15) = 10.89, p < .01, MSE = 1,514.67.
Separate analyses were carried out for each distractor condition. In the letter distractor condition, there was a main effect of lag, F(4, 60) = 23.17, p < ,001, MSE = 858.62. There was no effect of repetition, F(1, 15) = 1.57,p = .23, MSE = 1,276.59, nor did repetition interact with lag (F < 1). For targets presented among digit distractors, there was a main effect of lag, F(4, 60) = 21.77, p < .001, MSE = 632.10, and no main effect of repetition, F(1, 15) _ 3.95, p = .07, MSE = 4,738.41. Note that the main effect of repetition approaches significmace, suggesting that RB may have occurred in the digit distractor condition. However, there are several reasons to doubt that RB was present. One is the apparent absence of an RB lag effect as indicated by the lack of a Repetition × Lag interaction (F < 1). A main effect of repetition may reflect RB or it may arise from a different mechanism: a general reluctance to report two repeated targets. To distinguish between these two it is crucial to demonstrate an RB lag effect (Repetition × Lag interaction) which shows that performance on repeated targets approaches that for unrepeated targets at longer lags. Thus, significant RB effects in Experiments 1, 2, and 4A were always accompanied by significant RB lag effects, a pattern not found in the current experiment. A second reason to suspect that RB was not present here has to do with the large variability in the data. An analysis of the individual data revealed two outliers in the digit distractor condition. This is shown in Figures 5A and 5B for Experiments 4A and 4B, respectively. In Experiment 4A, there was significant RB, and most of the participants showed RB. However in Experiment 4]3, the majority of participants showed no RB effect, but there were two observers who showed a very strong RB effect. The cause for such individual variation is puzzling, but for present purposes it suffices to show a strong group difference in the pattern of performance between Experiments 4A and 4B, which were otherwise matched in design and procedure.
Another interesting aspect of the data is that the redundant color cue in the digit distractor condition improved the overall level of performance in comparison to the digit distractor condition of Experiment 4A without color cues. That is, the independent color cue not only reduced RB, but also seems to have enhanced report of the unrepeated letter targets. A significant AB effect persisted due to difficulties in discriminating letters from digits along the response dimension (form identity) to be reported, but comparison of Experiments 4A and 4]3 suggests that target processing difficulty was partially alleviated with additional cues that help distinguish targets from distractors.
Another hypothesis tested in Experiment 4B was that even though RB was not present in the average data compiled across the entire session, RB might be found in the earlier blocks before participants learn to use the color cue to distinguish the two target events episodically. To test this hypothesis, average performance across Lags 2-6 was plotted as a function of blocks. For this analysis, only the first 5 blocks were used because any effects of RB diminished within the first 2 or 3 blocks. This made distractor type a between-observer variable. This analysis is shown in Figure  4B . For the digit distractor condition presented in the first half, there was a main effect of block, F(4, 28) = 2.83, p < .05, MSE = 442.05, and a significant interaction between block and repetition, F(4, 28) = 3.62, p < .05, MSE = 300.48. For the letter distractor condition presented in the first half, there was a main effect of block, F(4, 28) = 3.19, p < .05, MSE = 1,128.80, but the interaction between block Although most of the data points fall near to or above the line, there were two outliers who showed considerable RB in the digit distractor condition. The reason for this variability is unclear, but the magnitude of the deviation suggest that the departure from the main trend in the data may be anomalous. cmrN and repetition did not reach significance, F(4, 28) = 2.15, p = .10. For the first two blocks there was a significant effect of repetition in the letter distractor condition, F(I, 7) = 5.76, p < .05, MSE = 291.86, while repetition approached significance in the digit distractor condition, F(1, 7) = 4.38, p = .08, MSE = 2,230.28. In sum, there was some RB for the first two blocks of a session, but this difference started to diminish by the third and fourth blocks. When performance was averaged across the entire session, no RB effect was found, in contrast with Experiment 4A, where RB persisted to the last block. identity). RB was not affected by these discriminability manipulations. RB has been hypothesized to represent a difficulty in encoding or perceiving two similar or identical items appearing close in time as two distinct episodic events (the token individuation hypothesis; Kanwisher, 1987) . Enhancing the episodic distinctiveness of the two repeated items using distinctive color cues alleviated RB without eliminating AB, which supports this account for RB.
A Type-Token Framework for Visual Processing

Discussion of Experiments 4A and 4B
The pattern of results replicates that obtained in Experiments 1, 2, and 3. Experiment 4A shows that when targets were categorically defined and in the absence of additional episodic cues defining the targets, a robust RB effect was produced in both symbol and digit distractor conditions. Moreover, this RB effect persisted throughout the session, as indicated by the block analysis. When additional episodic cues (color) were provided in Experiment 4B, the RB effect disappeared. A block analysis of Experiment 4B revealed that RB was present in the first two blocks of trials in a session but that observers appeared to learn to utilize the episodic cue to help individuate the target items, resulting in an overall null RB effect, or even slight positive repetition priming in the letter distractor condition. This finding explains the difference in results between the present experiments and a previously reported experiment (Kanwisher, 1991, Experiment 6) . It also shows that episodic cues that define target events can be used under certain conditions to overcome RB. It is especially important to note that practice per se does not eliminate RB, as shown in Experiment 4A ( Figure 4A ). Guessing strategies cannot explain the lack of RB in Experiments 3 and 4B, because the proportion of repetition intrusions was low, because conservative guessing corrections were used, and also because in all other respects the design, procedure, and the proportion of repeated versus unrepeated target trials were identical for Experiments 4A and 4B. In sum, the hypothesis that color cues aid token individuation of repeated target items provides the most parsimonious explanation for the results.
General Discussion
The results from this series of four experiments indicate that AB and RB are independent effects. AB and RB follow different time courses (Experiments 1, 2, and 4A), RB can be produced without AB (Experiments 2 and 4A), and AB can persist without RB (Experiments 3 and 4B). The double dissociation obtained between AB and RB suggest that the two deficits reflect capacity limitations in distinct visual processes. Although both effects occur for processing briefly presented visual stimuli appearing in a sequence, the deficits occur in different situations. In the current experiments, AB was dependent on the target-distractor discriminability along the stimulus dimension to be reported (form As discussed earlier in the introduction, the end product of visual processing can be stated in fairly straightforward terms: The visual system constructs episodic representations for "what" is occurring "when" and ''where." A functional distinction is made between the activation of visual types ("what") stored in long-term semantic memory and the processing of spatiotemporal token information ('when" and "where") . If the two types of information are processed independently, the system requires a mechanism ljnking types and tokens. This process of binding or integrating visual codes is typically thought to require attention (Kanwisher, 1991; Treisman & Gelade, 1980) . Thus, object perception may be mediated by temporary episodic representations called object files, which link semantic type information and spatiotemporal token information (Kahneman & Treisman, 1984; Kahneman et al., 1992; Treisman, 1988) . Object files are internal representations that mediate conscious visual perception of objects and serve as the basis for subsequent control of action. Features become bound together within these temporary object representations (Treisman, 1988) , and multiple object files allow for the representation of multiple identical objects (Kanwisher, 1987) . Within this type-token framework, AB and RB are both interpreted as deficits for constructing object tokens of target events. Furthermore, the dissociation between the two effects suggests that the process of object token instantiation and maintenance recruits information from two different mechanisms: one involved in the extraction of visual types, the other mainly devoted to encoding the episodic (spatiotemporal) properties of the visual input. To illustrate this, a processing architecture is schematized in Figure 6 . This architecture posits three types of representations that are utilized to code visual information: visual types, spatiotemporal tokens, and object tokens.
First, a visual type represents the categorical identity of visual stimuli and is defined as the set of nodes or pattern of activation in long-term memory that becomes active whenever a corresponding visual stimulus is present anywhere in the visual image. Familiar types (words, objects, letters, etc.) seem to be activated for sequences of items at rates up to 10 per second (Botella & Eriksen, 1992; Botella, Garcia, & Barriopedro, 1992; Maki, Frigen, & Paulson, 1993; Potter, 1975 Potter, , 1976 Potter, , 1993 Potter & Levy, 1969; Sorensen & Shapiro, 1994; Sperling, Budiansky, Spivak, & Johnson, 1971) . Thus, for the RSVP sequences used in the current study, it is assumed that each item is momentarily identi- Figure 6 . A schematized diagram of the type--token framework for visual processing. According to this model, the visual input is analyzed in parallel through two separate processing modules (analogous to the "what" and "where" streams proposed by research in animal physiology; Ungerleider & Mishkin, 1982) . For a rapid serial visual presentation (RSVP) stream of visual events, 100 ms/item is sufficient to momentarily activate corresponding visual types. Visual discontinuities between each frame in the RSVP stream are registered'as spatiotemporal tokens. However, these early visual representations need to be bound and consolidated to subserve overt report. An attentive process of tokeuization links types and tokens to instantiate object tokens. Object tokens maintain identity information together with their episodic spatiotemporal properties, allowing for the visual event to be reported or acted upon. It is proposed here that both attentional blink (AB) and repetition blindness (RB) represent a bottleneck in this tokenization process. The process of instantiating an object token for a target results in a delay for a subsequent target, during which it may be lost.
Although both AB and RB may occur due to a failure in construction of corresponding object tokens, AB and RB are produced by different aspects of the visual input. AB and the overall level of performance is modulated by the target-distractor discriminability of visual types, whereas RB reflects a failure of a repeated type in generating a second object token. This token individuation failure may be alleviated by increasing the episodic distinctiveness of the spatiotemporal properties defining the two repeated targets (such as color cues used in this study).
fled. However, further processing is required for these type activations to be accessible for conscious report or storage in working memory (Chun & Potter, 1995) . Moreover, activation of visual types alone would be insufficient to subserve our perceptual experience of a complicated scene. This is especially the case when multiple tokens of a given type are present in the image (e.g., picture a bushel of apples in the fruit section of a supermarke0. Spatiotemporal information distinguishing particular instances of an object needs to be considered. Such episodic properties are encoded by spatiotemporal tokens that specify how visual objects occur over time and space in the environment. These representations are constructed preattentively in early vision on the basis of discontinuities in the image over space and time. The resulting regions or "blobs" provide candidate targets for subsequent allocation of attentional processing. For sequences of events, the form discontinuities between each stimulus frame may provide a spatiotemporal token. For categorical tasks such as Experiments I, 2, and 4A in the present study, tokens may be generated with each new stimuli, yet in the absence of identity information, these spatiotemporal tokens do not distinguish between targets and distractors. However, in the colored target experiments (3 and 4B), participants may focus on the color gradients of which only two are present in each trial. These provide salient targets for the allocation of attention. Note that spatiotemporal tokens are distinguished from object tokens in the present framework.
The token term has been defined loosely in the literature, and Kanwisher (1991, p. 418) has argued that two levels of tokens should be posited. Accordingly, it is assumed that multiple spatiotemporal tokens are represented at an early stage, and that attention is needed to further refine these into more durable representations.
Finally, focal attention links visual types and spatiotemporal tokens to instantiate and maintain object tokens for behaviorally relevant events. Target report in RSVP tasks is subserved by the successful instantiation of an object token for each target event. This process of tokenization is constrained by capacity limitations for a random set of items presented at rates up to 10 per second. The AB and RB effects are hypothesized to occur as failures within the stage of tokenization.
The dissociation between AB and RB reflects the separate contributions of visual types or spatiotemporal tokens to object token instantiation (as illustrated in Figure 6 ). AB can be considered as a measure of overall visual type discriminability along the feature dimension to be reported (letter form identity for the present experiments). Although RSVP targets can either be defined categorically (Experiments 1, 2, and 4A) or by independent feature cues (Experiments 3 and 4B), the overall level of performance appears to be mainly dependent on the degree of form similarity between the targets and distractors. Thus AB is a product of the sigual-to-noise ratio of targets to nontargets within the visual type mechanism. Although independent color cues CHUN (spatiotemporal tokens) appear to aid performance, these were insufficient to alleviate AB.
In contrast, RB is generally unaffected by the visual type discriminability between targets and distractors, and it can be eliminated with salient episodic (spatiotemporal token) cues. In a sequence of letters among digits or symbols, only type identity information is available to differentiate targets from distractors, and the spatiotemporal discontinuities between each frame produce an uninformative train of spatiotemporal tokens. RB occurs when the tokenization process must rely on type information alone to instantiate a separate object token for target events in such categorical tasks (Experiments 1, 2, and 4A). In the colored target experiments (Experiments 3 and 4B), however, the color cues allow for target events to pop out, providing two salient spatiotemporal tokens that may serve as episodic anchors for object token instantiation. In short, because RB is hypothesized to reflect a failure to individuate separate tokens for two repeated events (Kanwisher, 1987) , episodic color cues differentiating targets from distractors and from each other may alleviate RB. Chun and Potter (1995) have proposed that target processing in RSVP proceeds in two stages. Stage 1 allows for rapid detection of target events. Analysis at this level may be fairly sophisticated and complete, such that visual types (stimulus identity) may be momentarily activated for all items in an RSVP sequence. However, these representations may be subject to rapid forgetting as subsequent RSVP stimuli are processed. Successful target report is likely to require further processing and consolidation of these initially activated target representations. This is achieved through Stage 2, a capacity-limited operation. While Stage 2 is occupied with a target, a second target will not be processed beyond Stage 1 detection. Thus, a T2 appearing at short lags during bottleneck processing for T1 is likely to be missed, producing the AB effect. What about Lag 1? Previous work has shown that T1 and its immediately following item may be processed together (perhaps due to visual integration and sparse temporal resolution of attentional selection), and indeed the presence of an item at the + 1 position and its similarity with the preceding target play a major role in triggering the AB deficit (Chun & Potter, 1995; Raymond et al., 1992) .
The AB and Object Token lnstantiation
In context of the type-token framework, the first stage of rapid perceptual detection may correspond to initial object recognition or visual type activation, whereas Stage 2 of Chun and Potter's (1995) model corresponds directly to the process of object token instantiation described here. Both frameworks assume that most of the items in an RSVP stream will have received some initial processing (Broadbent & Broadbent, 1987; Chun, Bromberg, & Potter, 1994; Sorensen & Shapiro, 1994) , often to the level of their type, though further consolidation or tokenization is necessary for report. This view should thus be contrasted with early selection (filter) models of visual processing that propose that no analysis of the unattended input occurs at all. However, subsequent target report requires stabilizing a recognized visual type into an object file representation that mediates conscious availability of that perceptual event. This process of tokenization is occurring in Stage 2 as a capacity-limited process. This bottleneck stage involves the binding of activated types to spatiotemporal tokens, which depends on the discriminability of a target event from its distractors,: especially an immediately following distractor or mask (Chun & Potter, 1995) . Temporally adjacent targets (Lag 1) are presumed to enter Stage 2 together, producing a O-shaped profile of performance as a function of lag. Thus, temporally adjacent targets enter the tokenization mechanism together, becoming differentiated from each other within this stage. It is interesting to note that temporal order information becomes lost at this point, as indicated by the higher proportion of inversion errors at Lag 1 (Experiments  1 and 2) .
Supporting the present view that AB can be interpreted within the object token framework, Raymond and Sorensen (1994) demonstrated that no AB was observed when the target was the same object as the preceding distractor objects. In this novel experiment, a sequence of trident stimuli appeared in multiple orientations such that participants perceived apparent rotation of that object. The probe (T2) task was to detect the presence of a trident with a small line on its base, and the target task (T1) was to detect a stimulus with a thick bar that could either appear on a trident (same object) or an arrow (different objec0. AB was only found in the different-object condition. They suggest that "OPENfile" operations (object token instantiation) have a refractory period that temporarily affects subsequent "OPEN-file" operations, thus producing AB for subsequent targets. Detecting a feature of an object that the visual system interprets as identical to the preceding distractor objects requires only an "UPDATE-file" operation, a process that occurs rapidly and thus does not trigger significant AB.
Conceptualizing AB as a problem of object token instantiation is not a qualitatively new modification of the basic two-stage model (Chun & Potter, 1995) , nor is it inconsistent with alternative theoretical accounts of AB. The various AB models reported so far in the literature share a high degree of convergence in that AB is described as a target deficit arising from a capacity-limited stage of processing that is governed by the amount of similarity between targets and other items. In particular, Shapiro and Raymond (Raymond et al., 1995; proposed that temporal search for targets in RSVP operates in a similar fashion to that proposed in Duncan and Humphreys's (1989) similarity theory for spatial search. In their interference model, templates are established for target and probe (T1 and T2) such that each item receives a high weighting and likely entry into VSTM. Higher weighting is also assigned to each item directly following the target and probe respectively. VSTM is limited in capacity, and retrieval success is determined by an item's weighting assignment, number of competing items in VSTM, and the similarity between these items. AB occurs because the target and its immediately following item occupy limited resources, resulting in a lower weighting assignment for the probe, thus producing lower probe report performance. This process of items in VSTM competing for subsequent retrieval has also been referred to as attentional dwell time (Duncan et al., 1994; Ward et al., 1996) .
Because object tokens are simply characterized as attention-based representations that can subserve subsequent report or action, the framework is somewhat generalizable to most models that assume a capacity-limited process is involved in generating such representations. The two-stage model conceptualizes target processing difficulty to be a process of binding types to tokens. An equally viable account could be applied to the interference model by conceptualizing tokenization as successful target retrieval from VSTM. At any rate, the notion of object tokens provides a general framework for describing AB as a target processing deficit, allowing one to generate novel predictions (Raymond & Sorensen, 1994) and to theoretically link AB with related effects such as RB in the present study.
However, it is unclear how a VSTM interference model alone can be applied toward explaining RB. The probability of target retrieval from VSTM may decrease as a function of increasing target-target similarity , accounting for the basic RB effect. Yet, it would be difficult to specify a set of parameters that could jointly account for the presence of RB without AB while simultaneously explaining how RB would be alleviated with episodic color cues. If one assumes that the color cues eliminated RB by making the two targets more dissimilar from each other, it needs to be additionally specified why AB persists in such situations. In contrast, target-target similarity per se does not play a significant role in the two-stage model (Chun & Potter, 1995) . One might assume that RB is caused by an entirely independent nonvisual mechanism, but this seems unlikely given the following evidence for a perceptual loci of RB.
Repetition Blindness and Object Token Individuation
RB refers to an independent difficulty for individuating repeated target items appearing close together in time or space. Tokens provide spatiotemporal information that allows for types to become represented as distinguishable episodic events. Kanwisher (1987) and her collaborators have proposed that RB represents a failure not in type recognition, but in token individuation. A repeated T2 would also activate its type node, but without a separate token, its percept would become assimilated into that of T1.
Note that repeated items that escape AB are still at risk for RB, except when the target is specified by an episodic cue such as color. In this case, a second repeated target may benefit from the repetition due to priming and thus performance may exceed that for unrepeated targets (as suggested in Experiments 3 and 4B). It is assumed that positive priming and RB are both present when stimuli are repeated, but whether the net outcome is negative or positive depends on the specifics of the task: for example, rate, lag, and episodic distinctiveness.
Although the present RB results are interpreted here in terms of a type--token framework, alternative accounts exist for RB. Park and Kanwisher (1994) reviewed and tested many of these competing explanations for RB and provided evidence supporting the token' individuation hypothesis. The present results also offer further evidence against alternative RB models as discussed in the following.
RB may reflect a refractory period for reactivation of type recognition units (or patterns of units; Luo & Caramazza, 1996) . This recognition refractoriness hypothesis proposes that recognition of T1 interferes with recognition of a repeated T2 because the type nodes fail to activate for the second occurrence. To date, the evidence against a refractory period hypothesis Was inconclusive (Kanwisher, 1987; Park & Kanwisher, 1994) , leading Luo and Caramazza to propose an RB model based on refractoriness properties to account for spatial lag effects in their data. Though the evidence is mixed, the absence of RB in Experiments 3 and 4B with colored letters as targets poses a problem for the refractory period account, because differently colored but otherwise identical letters presumably use the same type recognition node. 4 In fact, a hint of repetition priming was found in Experiments 3 and 4B when the episodic distinction between T1 and T2 was enhanced.
Another possibility is that there is selective loss of repeated items from memory (Armstrong & Mewhort, 1995; Fagot & Pashler, 1995) . These researchers obtained an RB deficit in whole report tasks, but not in partial report tasks that required participants to report the second repeated item first. This could not have been due to different encoding strategies in each condition because participants were prompted with the retrieval task (whether to report the entire list or just the second critical item that was cued by color or a retrieval probe) at the end of each trial. These results suggest that RB may reflect a retrieval failure rather than a perceptual or encoding failure of repeated items.
On the other hand, there are various lines of evidence that are more consistent with a perceptual account of RB. First, Park and Kanwisher (1994) reported that adding letters to report before or after T1 and T2 did not increase RB. Because overall memory load does not appear to affect RB, it makes it difficult to interpret RB as a memory retrieval problem. Second, in the present experimentsl observers were required to report only two targets. This is well within the standard capacity of working memory and is close to the minimal number of items to be reported to test for RB. Recent studies using even more simplified task requirements also showed robust RB effects with d' measures (Hochhaus & Johnston, 1996; Kanwisher et al., 1996) . Most important, strong lag effects for RB were found in all of our experiments, with lesser or no RB beyond Lag 3. Because all lag manipulations were intermixed across trials within each experiment, the pattern shown is inconsistent with the selective loss or retrieval failure hypothesis. Finally, the absence of RB with color cues (which were irrelevant to the target's identity) in Experiments 3 and 4B is incompatible CHUN with the selective memory loss hypothesis. These arguments against selective forgetting of repeated items also make it unlikely that RB reflects a response bias in reporting repeated items. So although RB obtained in full report procedures may reflect retrieval failure for repeated items, such an account may not be fully applicable in explaining the RB deficit obtained in a wider range of studies including the present one.
Further evidence for a perceptual basis of RB was shown in an experiment by Chun and Cavanagh (1997) . Object tokens are not only hypothesized to play a role in RB, but have been assumed to subserve the perception of apparent motion (Kahneman et al., 1992; Kanwisher & Driver, 1992) . Under appropriate spatiotemporal conditions, two discrete visual events are linked and perceived as a single object in motion (.tmstis, 1980; Ternus, 1926 Ternus, /1938 Wertheimer, 1912 Wertheimer, /1961 . Thus, in both apparent motion and RB, two events are perceived as one. To examine whether there is a functional link between the two phenomena, Chun and Cavanagh manipulated spatiotemporally displaced repeated targets to occur either within a single apparent.motion stream or across two different apparent-motion defined streams. Significantly greater RB was obtained for targets appearing within a single apparent-motion stream (object). The results suggest that both apparent motion and RB reflect a heuristic by which the visual system minimizes the number of object tokens it assigns to events. Such a bias predisposes the visual system to link two spatiotemporally distinct events as two views of a single moving object (allowing for apparent motion), and the same bias would produce RB. The results are inconsistent with refractory period or memory retrieval accounts because these do not predict object-specific effects.
Summary
Within the type-token framework, both AB and RB can be understood as lag-dependent processing deficits for generating object tokens for multiple RSVP targets appearing within 500 ms. However, the two effects are doubly dissociable: AB and RB show different time courses, RB occurs under conditions where there is no AB, and AB is shown to occur without RB. Thus, AB and RB appear to reflect independent capacity limitations in different mechanisms. AIt reflects the general difficulty of RSVP target identification and is sensitive to parameters such as targetdistractor discriminability. RB is an additional deficit that arises when a second repeated type fails to become individuated from the first target event (token individuation hypothesis; Kanwisher, 1987) , and thus can be alleviated when the episodic distinctiveness between the two targets is enhanced. The results support a visual architecture positing separate representations for visual types, spatiotemporal tokens, and attention-based object tokens subserving target report performance in RSVP.
